Biochemical characterization of phosphoryl transfer involving HPr of the phosphoenolpyruvate-dependent phosphotransferase system in Treponema denticola, an organism that lacks PTS permeases.
Treponema pallidum and Treponema denticola encode within their genomes homologues of energy coupling and regulatory proteins of the phosphoenolpyruvate:sugar phosphotransferase system (PTS) but no recognizable homologues of PTS permeases. These homologues include (1) Enzyme I, (2) HPr, (3) two IIA(Ntr)-like proteins, and (4) HPr(Ser) kinase/phosphorylase (HprK). Because the Enzyme I-encoding gene in T. pallidum is an inactive pseudogene and because all other pts genes in both T. pallidum and T. denticola are actively expressed, the primary sensory transduction mechanism for signal detection and transmission appears to involve HprK rather than EI. We have overexpressed and purified to near homogeneity four of the five PTS proteins from T. denticola. Purified HprK phosphorylates HPr with ATP, probably on serine, while Enzyme I phosphorylates HPr with PEP, probably on histidine. Furthermore, HPr(His)-P can transfer its phosphoryl group to IIA(Ntr)-1. Factors and conditions regulating phosphoryl transfer prove to differ from those described previously for Bacillus subtilis, but cross-enzymatic activities between the Treponema, Salmonella, and Bacillus phosphoryl-transfer systems could be demonstrated. Kinetic analyses revealed that the allosterically regulated HPr kinase/phosphorylase differs from its homologues in Bacillus subtilis and other low G+C Gram-positive bacteria in being primed for kinase activity rather than phosphorylase activity in the absence of allosteric effectors. The characteristics of this enzyme and the Treponema phosphoryl-transfer chain imply unique modes of signal detection and sensory transmission. This paper provides the first biochemical description of PTS phosphoryl-transfer chains in an organism that lacks PTS permeases.